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The challenges for neonatal immunization

Induction of early protection in spite of :

—lower antibody responses

—inhibitory influence of maternal
antibodies

Extracellular
pathogens

—limited IFN-y responses
—limited cytotoxic responses (?)

Intracellular
pathogens
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= Immune immaturity limits early life
S antibody responses to vaccines

- Responses to a single dose of measles vaccine
(seronegative infants)
GMT > NT level [V YT og
@12mo: 972 100% mumps

Gans HA @ 9mo: 578 100% e
JAMA 1998 @ 6mo: 27 36% JID 2001

- Novel OMV vaccine against group B meningococcus

Field efficacy
Adults : 74%
Toddlers : 47%

Infants : 0%
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Immune immaturity limits early life
antibody responses to vaccines

PRP-OMC immunization
1 dose

[ p<0.003 PRP-OMC elicits the

strongest responses in
infants.... but was not
successful in neonates

Other HIB vaccines such as
PRP-T did successfully
prime neonatal responses

GMT (ug/ml)

2-3mo 4-6 mo 8-17 mo
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Einhorn MS, Lancet. 1986

Immune immaturity limits infant
antibody responses to vaccines

No clinical relevance
because of the unique
immunogenicity of HIB
vaccines... but several

doses needed !
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= Immune immaturity limits early life
< antibody responses to vaccines

Antibody responses to current vaccines schedules
appear influenced by :

—Vaccine type
—Interval bwn doses
—Age at priming
—Age at last dose jrrn—

May infant immunogenicity predict neonatal responses ?

Does this pattern reflect the prenatal development or
the postnatal maturation of the immune system ?
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Prenatal development of the immune
system or postnatal immune maturation ?

Preterm infants :
1. Limited birth responses - GA

2. Significant responses after 8 weeks,
which remain lower than in term
infants if birth < 32 wks (1500g)

* Hepatitis B vaccine given at birth (0-1-6 mo)
- seroresponse <1000g: 55%, 1000-15009g: 71%, >15009g: 96%
mmp limited immune capacity at birth

* Hepatitis B, HIB, DTPa vaccines given at 8 weeks of age
—seroresponses similar to those of term infants (>32 wks)
essential role of the post-natal maturation
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Which limitations of early life antibody

responses ?

SPLEEN / NODES Bone Blood
T cell zone B cell zone marrow

Neonatal exposure to the microbial world...

Neonatalcolonisation of the intestinal tract : From zero to 1073
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+ —
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1983: 72:319

7 Daysof life

A strong role for postnatal
maturation?
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EXTRAFOLLICULAR  GERMINAL CENTERS Plasma cells
Activation Proliferation Switch
Proliferation Mutations  Selection

C.A. Siegrist Differentiation

Differentiation
Persistence

Which limitations of early life antibody

Limitations of early life antibody responses

responses ?
SPLEEN / NODES Bone marrow

T cell zone X1} Extrafollicular reaction : - ﬂ
1. Limited DC activation ? L i |
- 2. Limited CD4 T cell help ? P
FOC Il oS 3. Limited B cell activation / prolif. ? Magnitude age-dependent age-dependent
/O O< . . lower IgG + IgM lower IgG + IgM
- ,«8< O Gern'1|n'al c(_enter rgactlon : much lower IgG2 much lower IgG2a
1. Limited induction of GC (...) ? low resp. to most PS low resp. to most PS
2. Limited GC B cell activation +/- short-term persistence short-term persistence
differentiation ?
) i Avidity lower avidity (??, lower avidity (Ag de|
Antibody persistence : rer ertoirey’i ) h :’i < o Bl
EXTRAFOLLICULAR d — . Py P ? ypermutation ?
il BreliErsl 1. Limited bone marrow homing ?
s skt 2. Limited differentiation / survival ? Cotlun INE :
3. Limited memory B cell diff. ? ganogenesis ellular ontogeny mmune maturation
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> Ab titers and Ab secreting cells
= following early life and adult immunization

5 The age-dependent capacity of inducing GC
- correlates with presence of FDC at immunization

7 days 10 days

B cell responses to alum-adsorbed tetanus toxoid (1 dose)

TT-specific IgG Abs

TT ASCs in spleen TT GCs in spleen
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—O—Ad 0.1 v ot T > ——1w
2 0 0 —0—Ad
0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
Days after immunization Days after immunization Days after immunization
II:T‘ Limitations of early life Ab responses reflect a delayed and .
limited induction of ASC and Germinal Center responses FDC function : antigen trapping, enhancement of B Pihigren Met al, J1 2003
CA Siegrist Pilgren Met al, J1 2003 cell activation, protection against apoptosis
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Which are the factors supporting the development
of FDC / GC in early life ?
1.

Exposure to microbial patterns ?
FDC

°
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LTeB LT8R A strong role for
FDC postnatal maturation ?
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Limitations of early life vaccine responses:
perspectives for improving antibody responses

5 age-dependent | [T
Magnitude ge-dep limited

lower IgG + IgM
much lower IgG2
low resp. to most PS

short-term persistence

Avidity 1ower functional capacity 2?

Memory capacity for recall

responses
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early ASC/

GC induction Vaccine types
Adjuvants

Formulations

Strategies

- limited BM
ASC pool

- Antigen
dependent !

- Early B cell - Prime-b'oost
priming strategies !

@5 How efficient are neonatal Dendritic Cells ?

Response to in vitro activation results into the
incomplete maturation of human NN myeloid DC

Langrish, Clin Exp Immunol 2002

De Wit, J Autoimmunity 2003

In vitro exposure of neonatal DC to microbial
agents produces limited IL-12 p35 activation

Chougnet, JID 2000  Goriely, JI 2001

Impaired neonatal INF-a production
in response to in vitro TLR-3 or TLR-9 binding

De Wit, J Autoimmunity 2003
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De Wit, Blood 2004

= Factors limiting early life plasma cell induction
(2‘5 do not prevent induction of memory B cells

SPLEEN / NODES
T cell zone

Bone marrow

In human neonates :
- oral polio vaccine
IgM 1gG - HBsAg
GERMINAL CENTERS - PRP-T
Proliferation Switch -Pa
Mutations  Selection _
Differentiation

EXTRAFOLLICULAR
Activation
Proliferation
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The challenges for neonatal immunization

Induction of early protection in spite of :

Extracellular
pathogens

—limited IFN-y T cell responses
—limited cytotoxic responses (?)

Intracellular
pathogens
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Do limitations of DC responses
limit CD4 Th1 and/or CD8 neonatal responses ?

Induction of neonatal APC
activation correlates with
Th1/CTL responses
Weak: Protein vaccines
Non replicating vaccines
Aluminium salts
Some adjuvants (mpl)

In early life, most
conventional vaccines induce

« limited IFN-y responses
« strong Th2 responses
« lower CTL frequencies

Strong: Certain specific adjuvants
Replicating live vaccines

BCG, NYVAC, TR-5...
DNA vaccines

Virus-like particles

Vaccine-type dependent
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~ IFN-y responses to neonatal vaccination : Early life T cell responses
) more direct comparative studies needed to vaccine antigens

* OPV induces defective IFN-y production in infants as
compared to adults (Vekemans J, Clin Exp Immunol 2002)

7day-old
*BCG induces adult-like neonatal IFN-yresponses... -

and IFN-y/ IL5 ratio correlate with neonatal CTL responses

(Vekemans J, Eur J Inmunol 2001) (Hussey GD, Immunology 2002 ) In early Ilfe’ most In early Iife, conventional

conventional vaccines induce vaccines induce

« Measles vaccine induces similar IFN-yresponses at 6, 9 or 12
months — but lower than booster responses in adults * limited IFN-y responses # limited IFN-y responses
(Gans H, J Inf D 2001) « strong Th2 responses # no excess Th2 resp. (?)
Comparison of responses in neonates and Ag-naive adults : (SpeciesSpeaiicleotztiontd) .
HBsAg induces lower primary IFN-y, higher memory Th2  lower CTL frequencies SlowerCIRiiequenciasiit)
responses and higher Ab responses in infants (m. ota, vaccine 2003) Vaccine-type dependent Vaccine-type dependent
C.A. Siegrist C.A. Siegrist

Which factors limit or enhance Neonatal IFN-y response to Hepatitis B vaccine

neonatal APC-T cell interactions ? S BCG enhances both Th1 and Th2 responses

Pathogen - Hep B at birth + Hep B at birth + 6, 10 wks
6, 10 wks + BCG at birth

IFNy pg/ml
L2, IL12, . .
IL15,IL18
INF-o/B o
- - 50
25
B (1] (s - |

binhﬂ U 2 mo. ]j 4.5 mo. binhﬁ 7]/_\[ 2 mo. 7U 45mo.
Ota, J. Immunol. 2002
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+ marked increase of HBsAg

Factors affecting APC-T cell interactions The developing immune system
also influence B cell responses and neonatal immunization

INF-y Ffie™ We should probably expect :

l = b —Lower primary antibody responses

others
— . —Stronger inhibitory influence of maternal Ab
/ IL2, IL12, / —Effective priming of memory

IL15,IL18 . .
& INF-o/B . » possibly not to each vaccine
-]r o° » overcoming the influence of MatAb
CD40L @ —limited IFN-y responses
INF. - » with higher Th2 responses to certain vaccines ?

\_} —limited cytotoxic responses (??)
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